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AninvestigationwasmadeintheLangley300MPH7- by10-foot
tunneltodetermineatlowspeedthelongitudinalstaid.litycharacter-
isticsofa 60°swept-back,tapered,low-dragwingofasyectratio
2.55.Severalmodificationswe~emadetothiswinginanattemptto
improveitslongitudinalstahilikycharacteristics.

Theresultsshowundesirablylargechangesinthelongitudinal
stabilitycharacteristicsofthe600sweyt-backwing.me most
effectivemodificationconsistedinanalteraticmtotieplanform
ofthewingbyextendingtileleadingedgefofiardabouthalfa Chora
lwigthovertheouter’25percentoftheE@en.Themaximmliftcoef-
i?i.cientoftheswept-backwingwasshouttinesameasthatofthe
unsweptwing,buttheangleofattackformaximumliftoftheswept
wingwasmorethantwicethatoftaestraightwing.Decreasingthe* asmectratiofrom2.55to1 inmrovedthelongitudinalstability
ch&’acteristicsof&& wing,firticularly
coefficient.

●

Theresultsoftestingthewin~with
littleprmisewithregardtoimprovement
stibilftycharacteristics,butdeflecting

in-therangeofhi@-l~t
—

a deflectabletip shuwed
ofthelongitudinal
thetipofferedinteresting

possibilitiesasa moansoflongi.tmiinal’andlateralcontrol.

,,
IN!D3oDUCTION.

TheIproblemofproducingairplanesca~ableofflightspeeds
equaltoandgreaterthbmthospeedofsoundwitha reasonable
expenditureofpowerhasbeenstudiedbyairplanedesignersforscme
time. Inordmtosolvethis-problcmitisnccmsarytodesignan
airplemthatdoesnotexhibita sharpdragrim nearthespeedof
sound,Rotmence1 proposesthouseofhighlysweptwingsasom
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methodofeliminatingthissharpdragrise.The.9m5J.yslsof
reference1 isbasedontheassumptiontha~onlythecomponentof
thefree-streamflownormaltotihe,wingledingedgeaffectsthe
yresmredistributionover the ‘wing,andthust!!ecriticalflight
Machnuuiberwillbeincreasedbytheratio-ofoneovegzthecosine
oftheangleofsweep.T&+,s em~l.ysisalso ~dfcatis thattheflo-w
affectingtheforcesandnmmenteofthowingissubsonicsolongas
thewingrmnainsinsidetheMachcone.Muchinformationonthe
stabilityandcontrolofa sweptwingtobeuee?lat.hi@Epeodscan
thereforebe obtai.ncdat relativelylowspeeds.

Muchworkhasbeendoneonwin~ h~:iing en@esofsweepbackup
to45°butinformationonwingshavingsweepbaclcgreaterthan45°
ismea@r. Inordertoobtaina bsttorUndwstanding.oftileproblems
involvedwithanglesofsweeygreaterthan45°,tc~tsofancx@oratory
nat~eweroporformodona &)”swept-lack,taporod,ldw-dra~wing.
Oneoftheproblmswastoimprovethelongitudinalstabilitycharacter-
istics”indicatedinreference2 foia 66°swept-backwing,Wing-@an-
formvariations,leading-edges-late(bothfullendpartialspan),and
a yartiel-spenleading-edGeflapwereinvestigatedinanattemptto
improvethelcmgitudinalch=acterieticsofthewing.-Test8ofseveral
trailing-edgeflapsweremadetosupplementtheresultsofreference2-.

AFTARATUSANDMODELS

A semispanswept-back-wingmodelwagmountedintheLarw@y
300MPH7- by10-foottunnelasshownfnfigure1. Therootchord
of’themodelwasad.~acenttotheceilingofthetmnnd,theceiling
therebyservingasa ~eflectionplane..ULthou~lonlya mry small
clearancewasmaintainedbetweentherootchordandthe5unnelwall,
nopartofthomodelwasfastenedtoorincontactwitiW-otunrml
wall. ‘ThemodLslwassoaz-ran@donthobalancoframo$hatallforces
andmomontsactinGonitmigj~tbedotwmined.A smicirculmroot
fairin~wasattachedtothomc.xleltodeflecttheairflowingIntothe
testsactiontiroughthoclearanceholfiaro~dthos.ti%chmentstrut
inordertominimizeitseffectontheflowovorthomodel.

Themodolusedforthesetestsws,smndructedofmahoganyto
theplanformindicatedinfigure2. ‘TheairfoilsectionnormQto
thequarter-chordlinewasconstantthroughoutthespanandwasof
NACA65-210airloilprofile.Theplainwfngorthewlngwithanyof
theplan-formvariationshada seticirculez’falredtip.Win&plan-
forrnvaxl.ationsinvolvinga changeinaspectratioweromadebycutting
offthewingatthestationsindicatedinfigure3 endaidinga smni-
circularfairbdtip.

.
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Theleading-andtrailing-edge
and6 weremadeofthinplywoodand

3

extensionsshorninfigures4,5,
had flatsurfacesthatfaired

smoothly~ntothecontourofthewing,Thepartial-spanslatsand
leading-edgeflapshownonfi~urcm7, 8,and.9 wereofNavyN-22
airfoilsectionandwerosupportedonthewingbythree
~-inch-thickaluminumb~ackets,Thefu?.1-spanslat(shownin

fig.10)wasmadeofthinaluml.nvmsheetformedtothecontourof
theleadin3edgeofthe~ and%assupporte&bySIX&nch

woodentrackets.Thetrailing-edgeflaps,showninfigwe1-1.,
weremdo of&nch plywoodandwereattachedtotheti.ngtith

steelfittings.

Thewingwiththerakedtipandthedeflectabletiplaehownin
figuren?. Thedeflectabletip,bothsealedandslotted(seefig.12),
waaattachedtothemodelbysteelstraps.Theslottedtipwas
supportecibystrapsonthelowersurfaceonly,anda sheet-almninum
lipwasaddedtotheuppereui’facetogivethedesiredslot@p.

Theleading-e~edeflectorpl+tesshowminfigure13weremede
ofsoftmetalstripsbenttothecontour“oftheleadinge@e ofthe
W@ andattachedwithwirebrads.
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dragcoefficient(D/qS)

liftcoefficient(L/@)

pitching-maentcoefficient(li/@6)aboutaerodynmsiccenter

drag,pounds

lift,pounds ..—.—
pitchingmoment,foot-pounds

dyaamicpressure, youndspersquarefoot(,+/2)

areaofthesemispanwhg, squarefeet
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mesaaerodynamicchord,feet

10C~chord

aspectratio(b~/2s)

sweepangle(quartar-cho:rdUne),degrees

angleofattack

me% densityof

free-Otraamair

masuredinreflectionplme,degrees

air,slugpercubicfoot

velocity,feetperseccmd

twicethe13p.enofthemodel, feet

slopeofthecurve~fliftcoefficientagainstan@e ofatbck~
measuredatzerolift

aspect-ratiocorrectionfactor,6272)

()

(reference2)
A

‘U+2A=0

effectiveEu3peotratio,aspectratioofthe
by co#A

cilge-velocitycorrectionfactorfor
(reference3)

edge-velocitycorrectionfactorfor
~, (referenco3).

liftOf

liftof

sweptwingdivided

wingofaspectratioA

wingofaspectratio

●

P.

CORKECTIONH

Theforceandmomentcoefficientsforall%ui the reduced-asv3ct-

. I
,,.

*

ratiowingsweredeterminedwithreferencetotheareaandmean “
aerodynuiccenterofthe@sinwing.Thecoefficientsforthe
reduced-aspcmt-ratfowingsarebasedcmtherespectivegecmetric
characteristicsofthewing.
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Thepitching-momentcurvesforallbut‘&e
wingsa?;ereferredtotieaerodynamicCf312~WOf

5

reduced-aspect-ratio
thepl~inwingas

de&ninedfrbmthepitching-mo&ntcurveoftheple&wingn;arzero
lift. Thepitchingmomentsforthereduced-aspect-ratiowingsare
presentedabouttheirownaerodynamiccentersasdeterminedbythe
Sslt10z=thod.

Sinceno jet-boundarycorrecti.cnsfor,sweptwingsweve.availeble
andm Investigationofsuchcomectionsisbeyondthescogeofthis
paper,correctionssimilartothoseforun8we@reflection-plsne:
mcxielswereap~liedtothedragandancjleofattack.Thecorrections
applied%iero

where ‘

‘Di

Aa

%

s
c“

%

inducesdragincrement

incrmentofangleofattack

boundary-corrocticmfactor(0.L16 obtainedfromreference4)

smispanwingarea.,squarefeut

tunnel-throatcross-sectionalsrea(70 sqmrefeet)

uncorrected.liftcoefficient

Tkwdataat englmof attackgreaterthem30°maybaali@tlyin
errorsince,athighanglesofattack;thotipofthewingwasclose
tothotummlwallandnoadditionaltunnel-wallcorracticmswere
ayplied~

. ,.
Nocorrectionswereapplied.tothepitching-mmmmtdata.The

dataprose@ed$richdetheaeromc iorcesontherootfairing.
,.

. .::.
.,,~,.,...,1... .- .
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Mo~tofthetestswererunata dynamicpressureof’20.1pounds
persquarefoot,whichcorrespondstoa Machnumberofabout0.12
andaReynoldsnumberofabout2,3’70,000basedonthemeanaero-
dynamicchordoftheplainwing.Forstructuralreasons,the
trailing-edge-flaptestswererunata dynsmi.cpressureof1o,1~ounds
persquarefootwhichcorrespmdstoaReymoldsnu?.tiberofabout
1,600,000.

Theforcotests,ingeneral,worerunthrougha rangeofangle
ofattackfrom-6° to28°b 2°increments,exceptforthatpartof~tilerangebetween4°and12 wheretheincrementwasdecreasedto1°.
Thesmallerincrementswereusedsothattheirregularpartofthe
pitching-momentcurvecouldbemoreaccuratelyfaired.

Thetrailing-edge-flaptestc!woremadewiththeflapdeflected
60°relat5.vetothelowersurfaceofthewing.Theflapanglewas
measurmlina planemutua31yporpondiculartothequarter-chordline
andthechordplaneofthewing.Fortestsofdoflactablewingtips
eitheruml.edorslotted,thoti~wasdeflectedrelativetothechord
piano.Tuftstudiesonthouppersurfaceofthewingweremadofor
mostofthomodelconfigurations.

RESULTSANDDISCUSSION
.

Theresultsoftheforcetestsarepresentedi~figurea14to26.
Someofthetuftdataarepresentedinfigures!2’7to30. A listof
thefigureswhichshowtheresultsofthetestsarepresentedin

.

tableI. .

.-.4erodynamiccharacteristicsinpitchoftheplain
60°S-%?%?wing (fig.14)indicate&at ata liftcoefficientof
about0.2,anincreaseinstabilityammntingtoa rearwardshiftin
neutralpointofabout14.4percentofthemeanaero@maiochord
occurs. Thisstablemomentvariationextendsuptoa lift@efficient
of0.5atwhichpointthemomentbc@nstobecomeviolentlyunstable.
Intherangeoflowliftcoefficient,thelift-curveslopeCLa is
verynearlylinearbutshowsenincreaseata liftcoefficientof
stout0.2. Thisincreaseinslopecorrespondstothestableshift
ofthepitching-momentcurveandinaicatosthattheincreasoinlift
isoccurringat,wnearj thetipofthewing.
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Thestabilizingmonentthatoccursbetweenliftcoefficients
of0.2end0.5me,ybeassociatedwiththeroughnessoftheflawover
theleadi~edgeoftlhowingasshownonthetuftpictures(fig.27) -
aswell.aswiththeincreaseinllftoverthetipportionoftheWing.
Thisrou@nessorsepemtiionexistingoverthefirstfewpqrcentof
theairioilchomlcanveryprobablyhec:plaiiiedtosomeextentifit
isremmbereathattherei~a crossflo~.alongthewingspanwhich

-.

buildsupboundarylayer.Thistheoryissubstantiatedby the
exem+.naticnofthetuftpictuxesforthewingwithleadinG-edge
d.efloctorplates(fig.23)whichshowthattheplatesretardthe
crossi’bwalongthelmd.i.nge&gg,withtheresulttia.ttherough-.
nossendstabilizincmomentdonotoccur.(Seefig.17. )

Whm”thosloraofthepitching-mcmentcurvebecoumsunstable,
theliftcurveshowsa decideddGc:easoinslopo.A correlation
ofthetmftpicturoa(fi~.27)andpitching-momentcurveindicate
thatasthcipitchi~-morint,curvoImcomcsincree,singlylossstnblo
andfinally,ata liftcoofficiontofabout0.5,bccomsiumtablo,
theboundarylayeronthewingj.stonfingtoflow?aoronearlyparal.lol
tothequarter-chordline.visualanalysisoftheflowoverthewi~
madobyUSiZl$tuftSplacedons’affsaboutfivoincheshi@, shoiitiE-
thatatanGlosofattackbetwen12°and160, a layer ofair5 or
moreinchesthickcovmingISio cntirochordisflcwincapproximately
paralleltothequarter-chcrdlineovorthoouterportionofthoT7ing.
Thisbodyofairveryyrobablycausesthelossinliftatthewing
tip,whichaccountsfortheunstibl.emoment“onthewing.Nodistinct
separation,however,couldbedetectedbysurfacetuftsinthisregion.

Themetiummliftcoefficientofthe@o swept-backwingisabout
thesameas‘titpreviouslyobtained(unpv.blisheddata)ona comgleto
wm having0°sweepofthequarter-chordlinefromwhichthepanel
used for the~etestswasobtained.Theem@.eofattackformaximum
liftisabout33°forthesweptwingasca~red with1>0forthe
unsweptwing.

Revisionstoplainwing.-Inanattempttoimprovetheunsatis-
factorycharact~risticsoftheplainwing,numerousrevisionstothe
mcdolweretested.Theserevisionsweredesignednotsomuchto
determinetheirpracticalitybutmainlytodetcn?minethet~e of
devicbthatwouldherequired.‘I!hodoteminathnofwhethertho
deviceswouldhavetoberetractidforthehi@-speedconditionwcs
beyondthoscopeofthisinvestigation.Figures15to21shgwtlm
efi’octsofthosevariousrevisionstothemcdol.ThOShplust
conclusionroachedfroma studyofthodataisthatalmostanyrevisian
totholeadin~odgoofthewingwilltendtoeli.minatothestabilizing
mcnmntobtainedata lowliftcoefficientwiththoplain”win~but~
havelithloeffectuponthodosiabilizingmomontwhichoccursata
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slightlyhigherliftcoefficient.Oftherevisionstothe
~reventodthestabilizingmomentStlowlift,thesimpXe6t

No.128k

modelthat
wasthe

.

;ak?dtip(fig.18). Th;rakedtipdidnot,”howevei”,-ollml~tethe
unstablemomentbreakata liftcoefficientofabouFO.~.Themost
effectiverevisiontothemodel,withreferencetotheelimination
ofanj-largechanaesinmomentovera lift-coefficientr~e fromO
to1.0,wastheleading-edgeetiension1..(Seefigs.4 and 15.)
As isshornonfigure1~,a.liftcoefficientof1.0wasreached.with
a foiwardshiftoftheneutralpointof5,6percentoft~emean
aerodynamicchord.Thisshiftoccurredata ljftcoefficientofO.~.
Thissmallchange,ascomparedwithtkeotherrevisions,meybe
attributedtothemaintenanceofanapproxhmte~ylinearliftcurve
athighanglesofattack.Tuftstudies(fig.28) madeofthl.sand
theotherleadi~r-edgeextensions(fig.5) sh~wthat the efi%ct of
the extension wassuchastodecreasetocomeextenttheoutflow
alongtinewinganflthustoassistthetipinmaintain.in,glift.The
additionofthetrailing-edgeextension(fig,6)tothewingwiththe
leading-edgeextensionalsogavea ~atlsfactoryvariaticmofpitchin
momentthrou@outthe.lift-coefficientran~euytu1.0. 2(Seefi~.1 .)
Tuftphotographofthewingwitinthepartial-spanslatsandleading-
edgeflapareshowninfigure28.

Reduced-aspect-ratiowings.-Theresultsw!.tktherednced-aQpect-
ratioZX&a(fig.22)indicatethatastheaspectratiodecreaseo,the
unstableportionofthepitching-moment-coefficientcmvetendsto
becomemorestable,becominGaboutneut~>allystable-atA = l.n
andstableat A = 1.00.Aswouldboexpected,theslopeofthelift
curvedecreases,andthedragfora givenliftincreasesastheaspect
ratiodecreases.Fi@me22alsoshowsthattinelift-curveslope,as .
determinedfromthesedata,decreasesmorerapidlyti.thdecreasing
asyectratiothanisindicatedbythetheoreticalcaslderationsgiven
i.preference2, Thelift-curveS1OIMforthewin~ofaspectratio2.55, 9“
however,checksverywellwithboththetheoreticalandtheexperimental
lift-curveslopepresentedinreference2.

A studyofthetuftpicturestakenoftheroduc@-aspect-ratj.o
wings(fig,30)showsthattheairflowat–a@ven spanwiselocationfor
eachaspectratioatthesameangleofattackisva~ i~rlythesam.
Thissimilarityindicatesthat,if”thespanwi.seflowshownonthe
wingofaspectratio2.55isthecauseofthelossofliftatthe
tipandtheconsequentunstablemoment,removalofthatpartofthe
wingwherothespanwiseflowoccurswillelimlnatetheunstable
moment.Thishypothesisisborneoutbythefactthatastheaspect
ratiodecreased(tipremoved),themagnitudeoftheunstablemoment
decrea~ed,andthemomentfinallybecamestable,

—
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Deflectabletips.-Theresultsofthe
tips(fig.12)areshowninfigures23and

9

tests with the deflectable
24● Itmaybeseenthat

therewasno Qi-ovementinthepitchcharacteristicsofthewing
withdxoopordihedralinthetip.Theseresultsareinagreenen&-
withthoseofreference2. Thedeflectabletip,eitherdottedor
sealed,however,appearstobeaninterestingpossibilityasa means
ofbothlateralandlongitudinalcantiiolcCalculationsmadeonthe
basisofti[iesedataandsome”unpublisned.c?ataindicatethatgood.
ratesafrollmayresultfrom20°deflectionofthetip.Nodataare
availabletoindicatethemagnitudeofthehingemomentsona control
surfaceofthistype,butitisfeltthata reasonablywellbalanced
surfacecouldbedev’ised.

Flapconditions.-Theeffectivenessofa 0.20csplit-typeflap
deflected60°andplace?.atthe0.80,O.gO,and1.00clinesisshown
infigure25. Aswouldbee~ectedfromdata.cmwin~swithoutsweep,
theO.~-spanflaplocatedonthetrailinged~e(1.00c)producedthe
lar~estincrementOYliftofthethreeO.m-spanflaystested.This
flapgavea liftincrementsllghtlylar~erthanthefull-spanflap
locatedonthe0.90-chordline.

TheliftincrementfromaO.~-spansplitflap(0.~cline)
at0°angleofattackwasestimatedfromunsweptwingdatafrom
reference2 bythemethodsgiventhere~a.Theestimatedlift-
coefficientincrementwas0.14.Theincrementobtainedfromthese
testswas0.13.Theeffectoftheflaps,ascomparedwiththeplain
wing,wassuchastoproducea ne~tiveincrementcIi”pitchi~rnczaent
ata givenliftcoefficient.Figure26,showstheeffectivenessof
the0.50-spantrailing-edgeflapinprovidin:ja liftincrementon
thewingwiththeloading-edgeextension1, Theliftincrements
areaboutequalonthewingti.thand@thouttheleading-edge
.exbensio?.Thene~tivepitching-momentincrementproducedbythe
flaponthewin~withtheleadi~-edgeextensionwasslightlylargbr
thanthatproducedbythesameflayontheplainting.

CONCLUSIONS

Theresultsoftestsatlowspeedof
hi@ly swept-back,low-dragwingindicate
tested:

.

a low-aspect-ratio,tapered,
thatforthecotiiburations

1.Fortheplainwingata liftcoefficientof0.2anincreaoein
stabilityamountingtoa rearvarashiftinneutralpointofabout
14.4percentofthemeanaerodynamicchordoccurred.Ata liftcoef-
ficientof0.5, theetabilitydecreasedandthewingbeomeviolently
unstable.
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2.Themaxtmumliftcoefficientofthesveptwingwasaboutthe
s~measthatofa wingformedbyrotatingthewing~nel sothatthe
quarter-chordlinehad0°swee’y,buttheangleofattackfor’maximum
liftwasmorethantwicethevalueforthestrai@twingt

3. Thelongitudinalstabilityofthesweptwin$wasbestimproved
bytheadditionofanextensionattheleadingedge.

4,win~ofaspectratiosofshout1 orl.~hadbetterlcngitudl~l
stabilitycharacteristicsthanwingsofsomewhathigheraspectratios,

5. A droopedordihe&altiphadlittleeffectindecreasingthe
largelongitudinalstabilitychan~eswithangleofattackbut,however,
showedpossibilitiesasa meansofeffectivelon@tudinalandlateral
control.

LangleyMeznori,alAeronauticalLaboratory
NationalAdvisoryC!omnitteeforAeronautics

LangleyField,Vs.,August5, lg46
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Figure1.- TheM)” swept-backwingas mountedintheLangleyWOMPH
7- by 10-foottunnel. .——
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Leading-edgeextension1. ha of exhmio%
1.13 square feet.
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Figur9 5.- Leading-edge *n8i.m 2. Arm of extension,
1.70 squarefeat.
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Figure6.-Trailing-edgeextension.Areaof extension,
1.11squarefeet.
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Figure 7.- Partial-swn slat 1.
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Figure 8.- Partial-span slat 2.
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Figure 9.- Leading-edgeflap.
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Figure1.0.-Full-span slat.
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Figure 11. - The 0.20-chord split-type flap deflected 600about
the0.80,0.90,and1.00chordline.
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● Fig. 16 NACA TN No. 1284

Figure 16, - Aerodynamic characteristics of 60° swept-back wing
with several combinations of a leading- and a trailing-edge
extension and slat 1, q = 20.1 pounds per square foot,
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Figure 1
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Figure 19, - Aerodynamic characteristics of 60° swept-back wing
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square foot.
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square foot.
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Figure 23, - Aerodynamic characteristics of 60° swept-back wing .
with deflectable tip, slot sealed. q = 20,1 pounds per
square foot,
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Figure 24. - Aerodynamic characteristics of 60° swept-back wing
with deflectable tip, slot open. q = 20.1 pounds per square
foot.

.

.

.

.

.

. .



NACATN

.

.

No.1284 . Fig. 24conc.

,‘NAriotw”dwoR +

,72 0 .2 .+ .6 .8 LO k2

.

.

Figure 24. - Concluded.



Fig.25 NACA TN No. 1284-

.16

-.0

-,/2

-0[6

●

.

#
Figure 25.- Aerodynamic characteristics of 60° swept-back wing

with various O,!?O-chord split-type flap configurations.
q = 10.1 pounds per square foot,



NACA TN IVO. 1284 Fig. 25cont.

.

.

I I

I ..-,,-...,-,,” .,-.,=,

COMMITTEEFm AEMmluTlcs I

Figure 25, - Continued.



Fig.25cone. NA~A TN No. 1284

iI

Lift coefficient,CL

Figure 25, - Concluded.

.

.

.

.

.

.



.

.

.

.

NACA TN No. 1284 I?ig.26

Figure 26, - Aerodynamic characteristics of 60° swept-backwing
with leading-edgeextension1 with and without0.50 b/!2,
0.20-chordflap.Flapat q = 10.1poundsper squarefoot,
extensionaloneat q = 20,1poundsper squarefoot,
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